The ethanol extracts from Japanese green tea from the leaf of Camellia sinensis (Japanese green tea) contained polyphenol compounds as major components. By liquid and gas chromatographic analysis, 5 catechin compounds were detected. The tea extracts (Deochon 13189-B, Deochon 30 EX and Camellia 50 EX) were found to effectively inhibit the growth of canine oral bacteria. Minimum inhibitory concentration (MIC) was different among genus, species and strains of the bacteria. Canine periodontal pathogens such as Porphyromonas assacharolytica were sensitive to the tea extracts. Similar result was obtained by using human oral bacteria including periodontal pathogens. These results suggest that the tea extracts would be useful as anti-periodontitis agent and/or flora control agent in dogs.
It has been reported that oral disorders, especially periodontitis, are frequently found in dogs (5, 11) . The disease in dogs occurred with plaque accumulation and subsequent gingivitis, calculus formation and bone resorption with aging. Porphyromonas (P.) asaccharolytica is a predominant isolate from adult periodontitis in dogs (4) . With the increasing numbers of obligative anaerobic Gram-negative bacteria, the development of gingival inflammation was observed.
In man, many approaches have been adopted to prevent periodontitis after taking various factors into consideration. These approaches include the elimination of periodontal pathogens, enhancement of host defence, and modification of the diet (9, 11) . However, no method for achieving the complete prevention of periodontal disease has been established yet. Therefore, methods which provide individuals with multiple preventive measures against the respective factors may be the most effective.
Japanese green tea contains polyphenolic compounds such as tannins (13) . Tannins exist naturally in plants, and they possess potentially valuable anticariogenic abilities, including inhibition of bacterial growth (2, 13) and glucan synthesis (7, 10) . Furthermore, they can reduce caries development in experimental animals (10) . Japanese green tea leaves inhibited the growth of various bacteria causing diarrheal disease (12) . The present study investigated the bactericidal effect of polyphenolic compounds from Japanese green tea on periodontal pathogens and oral bacteria in dog. 
MATERIALS

RESULTS
Analysis of Tea Extracts
As shown in Table 1 , green tea extracts Deochon EX and Camellia EX included various components. Tannins were the major components of both extracts. Chlorophyll and lipids were removed by the treatment of activated charcoal. By the analysis of high-performance liquid chromatography of Camellia EX, the compounds contained five major polyphenolic compounds : (-) -epigallocatechin gallate, (-)-epigallocatechin, (-) -epicatechin gallate, (-) -epicatechin, and (+)-catechin ( Table 2 ) . Flavonoids such as rutin were also detected in the Camellia EX (Table 3) . MIC Two strains of P. assacharolytica isolated from the dog with periodontitis were sensitive to green tea extracts, especially Camellia 50 EX (Table 4 ) . The tea extracts were effective to P. gingivalis which was of human origin and one of the periodontal pathogens. Various species of Prevotella were sensitive to green tea extract in various concentrations. F. nucleatum INU-2 isolated from a dog was sensitive, while IID 891 was resistant. Lactobacillus was sensitive without relation to its origin. Significant growth inhibition of oral streptococci isolated from dog was seen at the concentrations of 0.1 to 0.4 mg/ml. P. acnes and K . pneumonia were not susceptible to the green tea extracts. S. aureus was sensitive to the tea extract at concentrations of 3.2 to 6.4 mg/ml; MIC was increased with larger number of bacteria (from 106 to 108/ml) and some strains were resistant to the green tea extracts (Table 5) .
DISCUSSION
The chemical investigation of the tea extract showed that it contained several polyphenolic compounds. It has been reported that the polyphenolic compounds inhibit the growth of Streptococcus mutans, a cariogenic bacterium in man; inhibitory activity of (+) -gallocatechin and (-) -epigallocatechin are stronger than (+) -catchin and (-)-epicatechin; also (-) -epigallocatechin gallate is more active than (-) -epicatechin gallate (13) . Sakanaka et al (13) have described that the presence of the three hydroxy moieties at 3', 4', and 5' on the B ring in the catechin and epicatechin molecules strengthen the inhibitory activity. The tea extract in this study contained (-) -epigallocatechin and (-) -epigallocatechin gallate as two major compounds. Therefore, green tea extract could provide effective prevention of periodontitis in dogs.
The inhibitory activity of the polyphenolic compounds varied depending on the genus and species of oral bacteria. The minimum inhibitory concentrations (MIC) were from 0.025 to more than 6.4 mg/ml. Growth of many bacteria was inhibited at the concentration 0.1 to 0.8 mg/ml. These MICs were much higher than those of various antibiotics. However, it is noteworthy that a cup of green tea extract (100 ml) usually contains 50 to 100 mg of the polyphenols. Green tea extracts could reduce periodontitis in dogs, because it is possible to add the tea extract at the effective concentration into pet foods.
The green tea extract was effective to oral bacteria from human origin. This fact indicated that a custom of drinking green tea in man might relate to preventing periodontal disease.
The types of microorganisms which first colonize a virgin site are those which find that environment to be congenial and the food supply to be adequate (9) . Experimentally, we have showed that the oral streptococci could be the initial colonizer of the plaque and then provide the anaerobic conditions (6) . The tea extracts had growth inhibitory activity to oral streptococci in dogs. It may be important to prevent the plaque formation at the first step.
It has been reported that periodontal diseases are frequently found in dogs (5) . The disease is considered, to some extent, as a diet-related disorder. A soft or minced diet favors rapid accumulation of dental plaque and calculus, which may result in periodontitis (1, 8) . Soft pet food has come to be widely used for dogs in recent years. There is some room for further improvement of the pet food. The tea extract could be useful for prevention of periodontitis in dogs.
